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EP 0918 055 B1
Description

[0001] The present invention is concerned with a new process for preparing 1-[9'H-carbazol-4'-yloxy]-3-[{2"-(2"'-
<methoxy>-phenoxy)-ethyl}-amino]-propan-2-ol [carvedilol] of formula
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as well as the optically active R or S enantiomer thereof and mixtures of the enantiomers and acid addition salts of
these compounds.

[0002] This compound is known under the INN name carvedilol and is used as a drug having antihypertensive, beta-
adrenergic blocking and vasodilating activity. The chemical name thereof is as beforesaid, 1-[9'H-carbazol-4'-yloxy]-
3-[{2"-(2"-<methoxy>-phenoxy)-ethyl}-amino]-propan-2-ol.

[0003] The preparation of 1-[9'H-carbazol-4'-yloxy]-3-[{2"-(2"-<methoxy>-phenoxy)-ethyl}-amino]-propan-2-ol
[carvedilol] has been known from DE-OS No. 28 15 926, while the preparation of the R and S enantiomers has been
described in DE-OS No. 33 13 027. According to the known process, 4-(oxiranylmethoxy)-9H-carbazole of formula

II

or the R or S enantiomer thereof is reacted with 2-[2'-(methoxy)-phenoxy]-ethylamine of formula
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to produce the compound 1-[9'H-carbazol-4'-yloxy]-3-[{2"-(2"-<methoxy>-phenoxy)-ethyl}-amino]-propan-2-ol
[carvedilol] of formula I in a yield of 39 to 42%. The drawback of the known process consists in the fact that parallel
with the formation of 1-[9'H-carbazol-4'-yloxy]-3-[{2"-(2"'-<methoxy>-phenoxy)-ethyl}-amino]-propan-2-ol [carvedilol]
also a bis compound of formula

7

forms through the reaction of 2 molar equivalents of 4-(oxiranylmethoxy)-9-H-carbazole of formula Il and 1 molar equiv-
alent of 2-[2'-(methoxy)-phenoxy]-ethylamine of formula Ill. This side-reaction can never be avoided, and the bis com-
pound of formula IV is formed in an amount that is commensurable with that of 1-[9'H-carbazol-4'-yloxy]-3-[{2"-(2"'-
<methoxy>-phenoxy)-ethyl}-amino]-propan-2-ol [carvedilol]. Consequently, the known process is uneconomical.
[0004] Also further possibilities for the preparation of [carvedilol] have been described in DE-OS No. 28 15 926.
According to these processes, 4-[3'-(amino)-2'-(hydroxy)-propoxy]-9H-carbazole can be reacted with

a) 2-[2'-(methoxy)-phenoxy]-ethylhalide or -sulfonate;
b) 2-[2'-(methoxy)-phenoxy]-acetaldehyde followed by catalytic hydrogenation;

c¢) 2-[2'-(methoxy)-phenoxy]-acetylchloride, followed by reducing the formed acid amide with a complex metal hy-
dride.

[0005] None of the processes a) to c) is suitable for the economical preparation of 1-[9'H-carbazol-4'-yloxy]-3-[
{2"-(2"'-<methoxy>-phenoxy)-ethyl}-amino]-propan-2-ol [carvedilol]. In case of each process, a purification step by
column chromatography is required for the separation of the product, and the preparation of the starting compound is
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uneconomical. In process a), the bis compound of formula IV forms, too. In case of process b), a yield of 41%, while
in case of process c), a yield of 24% can be obtained, at the most. In process c), the use of a complex metal hydride,
practically lithium aluminium hydride, is also a drawback since this reaction is accompanied by an enhanced fire hazard.
The latter reaction requires absolute conditions, i.e. even traces of water should be avoided.

[0006] In principle, the formation of the bis compound of formula IV can be avoided by using, instead of the primary
amine 2-[2'-(methoxy)-phenoxy]-ethylamine of formula Ill, a secondary amine which is a derivate of the primary amine
2-[2'-(methoxy)-phenoxy]-ethylamine of formula Ill containing a protective group. Such a secondary amine is, for ex-
ample, the N-[2-(2'-<methoxy>-phenoxy)-ethyl]-benzylamine of formula

H
|
= N\/\Q v,

™~
CH,

In Example 5 of DE-OS No. 28 15 926, the 4-(oxiranylmethoxy)-9H-carbazole of formula Il is reacted with the secondary
amine N-[2-(2'-<methoxy>-phenoxy)-ethyl]-benzylamine of formula V to yield the 1-[N-{benzyl}-2'-({2"-<methoxy>-phe-
noxy)-ethyl}-amino]-3-[9"'H-carbazol-4""-yloxy]-propan-2-ol [benzyl-carvedilol] of the formula

which could be separated only after a purification step by column chromatography. This procedure is uneconomical
for manufacturing on an industrial scale. The reaction of the compounds of the formulae Il and V was carried out in
ethylene glycol dimethyl ether.

[0007] Example 5of DE-OS No. 28 15 926 was reproduced on a fourfold scale. As shown by Example for Comparison
No. I, only a yield of 60% could be achieved, and a contaminated product was obtained which has a melting point of
92°C significantly lower than the value indicated in Example 5 of DE-OS No. 28 15 926 (97 to 99°C) and also lower
than the values obtained in Examples 1 (93 to 95°C) and 2 and 10 (94 to 96°C) of the present application. Without
purification by column chromatography, it was failed to crystallize the product, thus, this purification procedure cannot
be avoided. This is a considerable disadvantage in case of industrial application. Since the enlargement of scale of
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the above known process is accompanied by the reduction of both yield and quality of the product, said process is not
suitable as an industrial one.

[0008] The process indicated in Example 5 of DE-OS No. 28 15 926 was modified by using, instead of ethylene
glycol dimethyl ether, ethyl acetate or dioxan as shown by Examples for Comparison Nos. |l and lll. Even after a reaction
period of 28 hours, about half of the starting compound remained unreacted in dioxan, and practically no reaction has
taken place in ethyl acetate.

[0009] The problem underlying to the invention is to provide for a new economical process for preparing,
1-[9'H-carbazol-4'-yloxy]-3-[{2"-(2"'-<methoxy>-phenoxy)-ethyl}-amino]-propan-2-ol [carvedilol] by which by overcom-
ing the above disadvantages of the known processes this compound can be obtained with high yields and in a simple
way with drastically reduced formation of byproducts and thus without the necessity of purification steps, which process
also can be carried out on large scale industrially.

[0010] Surprisingly this has been achieved by the present invention.

[0011] The subject matter of the invention is a process for preparing 1-[9'H-carbazol-4'-yloxy]-3-[{2"-(2"'-<methoxy>-
phenoxy)-ethyl}-amino]-propan-2-ol [carvedilol] of formula

as well as the optically active R or S enantiomer thereof and mixtures of the enantiomers and acid addition salts of
these compounds by reacting
4-(oxiranylmethoxy)-9H-carbazole of formula

II

or the R or S enantiomer thereof with the secondary amine N-[2-(2'-<methoxy>-phenoxy)-ethyl]-benzylamine of
formula
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to yield 1-[N-{benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-3-[9"'H-carbazol-4"'-yloxy]-propan-2-ol [ben-
zyl-carvedilol] of formula

VIII

which is characterized in that the reaction of the 4-(oxiranylmethoxy)-9H-carbazole of formula

or of the R or S enantiomer thereof with the secondary amine N-[2-(2'-<methoxy>-phenoxy)-ethyl]-benzylamine
of formula V is carried out in a protic organic solvent, and in a manner known per se the thus formed 1-[N-{benzyl}-2'-(
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{2"-<methoxy>-phenoxy)-ethyl}-amino]-3-[9"'H-carbazol-4""-yloxy]-propan-2-ol [benzyl-carvedilol] of formula VIl is de-
benzylated by catalytic hydrogenation

and, in amanner known per se, if desired, the 1-[9'H-carbazol-4'-yloxy]-3--[{2"-(2"'-<methoxy>-phenoxy)-ethyl}-amino]-
propan-2-ol thus obtained is reacted with inorganic or organic acids to yield acid addition salts thereof or, if desired,
liberating the free 1-[9'H-carbazol-4'-yloxy]-3-[{2"-(2"'-<methoxy>-phenoxy)-ethyl}-amino]-propan-2-ol base
[carvedilol] of formula | from acid addition salts thereof and, if desired, converting the free 1-[9'H-carbazol-4'-yloxy]-3-[
{2"-(2"'-<methoxy>-phenoxy)-ethyl}-amino]-propan-2-ol base [carvedilol] into other acid addition salts and/or, if de-
sired, separating the enantiomers.

[0012] In the process according to the invention the protic solvent is preferably 1 or more C,_4 alkanol(s), particularly
ethanol and/or isopropanol, most particularly the second one, and the reaction of the 4-(oxiranylmethoxy)-9H-carbazole
of formula Il with the secondary amine N-[2-(2'-<methoxy>-phenoxy)-ethyl]-benzylamine of formula V is carried out
advantageously at 0 bis 120°C, preferably at the boiling point of the reaction mixture.

[0013] The secondary amine N-[2-(2'-<methoxy>-phenoxy)-ethyl]-benzylamine of formula V can be employed as an
oil, i.e. in a form without crystal water, but preferably in a form containing crystal water.

[0014] In the process according to the invention, the formed 1-[N-{benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-ami-
no]-3-[9"H-carbazol-4"-yloxy]-propan-2-ol [benzyl-carvedilol] of formula VIl is either separated and then debenzylat-
ed, or preferably it is not separated from the reaction mixture in which it was prepared before the debenzylation reaction.
The debenzylation by catalytic hydrogenation can be carried out in a manner known per se in connection with the
removal of a benzyl group.

[0015] Preferably as a catalyst palladium on carbon is used. The catalyst can be used several times, without regen-
eration procedure, for the debenzylation of the 1-[N-{benzyl}-2'-({2"-<methoxy>-phenoxy>-ethyl}-amino]-3-[9"'H-car-
bazol-4""-yloxy]-propan-2-ol [benzyl-carvedilol] of formula VIII. Preferably the hydrogenation is carried out using hy-
drazine hydrate.

[0016] The optically active 1-[N-{benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-3-[9"'H-carbazol-4"'-yloxy]-pro-
pan-2-ol [benzyl-carvedilol] enantiomers of formula VIl i.e. R-(+)-1-[N-{benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-
amino]-3-[9"'H-carbazol-4"-yloxy]-propan-2-ol and S-(-)-1-[N-{benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-
3-[9"H-carbazol-4"-yloxy]-propan-2-ol are novel compounds.

[0017] The Rand S enantiomers of the 4-(oxiranylmethoxy)-9H-carbazole of formula Il usable as starting compounds
can have been prepared by the process known from DE-OS No. 33 19 027. The secondary amine N- [2-(2'-<methoxy>-
phenoxy)-ethyl]-benzylamine of formula V can have been prepared by the method of Augstein (J. Med. Chem., 8 [1965],
356 to 367) or in the manner given in the description.

[0018] 1-[9'H-carbazol-4'-yloxy]-3-[{2"-(2"-<methoxy>-phenoxy)-ethyl}-amino]-propan-2-ol [carvedilol] of very high
purity is produced in a yield of about 80% by the process of the invention. In the process no bis compound of formula
IV forms.

[0019] Also the 1-[N-{benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-3-[9"'H-carbazol-4"-yloxy]-propan-2-ol
[benzyl-carvedilol] of formula VIl is obtained in a very pure state, and consequently no separation is required, and it
can be debenzylated in the reaction mixture in which it was formed.

[0020] On the basis of the above characteristics, the process of the invention can be carried out simply and eco-
nomically.

[0021] An expert could not expect that, in the process according to the invention, by using a protic organic solvent,
the reaction of the 4-(oxiranylmethoxy)-9H-carbazole of formula Il and the secondary amine N-[2-(2'-<methoxy>-phe-
noxy)-ethyl]-benzylamine of formula V gives, without special purification procedure, the 1-[N-{benzyl}-2'-({2"-<meth-
oxy>-phenoxy)-ethyl}-amino]-3-[9"'H-carbazol-4"'-yloxy]-propan-2-ol [benzyl-carvedilol] of formula VIIl in a well crys-
tallizing and pure form and in a yield of near or above 90%, since, on the basis of the Examples for Comparison, with
the opposite of it could be reckoned.

[0022] The invention is further elucidated by means of the following Examples.

Example 1
1-[N-{Benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-3-[9"'H-carbazol-4"'-yloxy]-propan-2-ol

[0023] To 20 ml of ethanol 2.7 g (10.5 mmoles) of N-[2-(2'-<methoxy>-phenoxy)-ethyl]-benzylamine and 1.92 g (8.0
mmoles) of 4-(oxiranylmethoxy)-9H-carbazole are added, the reaction mixture is boiled for 5 hours under stirring, then
allowed to cool, and stirred for further 16 hours at room temperature. The crystals are filtered, washed once with 10
ml of ethanol, once with 15 ml of diisopropyl ether, and dried under a lamp emitting infrared radiation.

[0024] Thus, 3.44 g (86.3%) of the title compound 1-[N-{benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-3-[9"'H-
carbazol-4""-yloxy]-propan-2-ol are obtained in the form of white crystals. M.p.: 93 to 95°C.
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Example 2
1-[N-{Benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-3-[9"'H-carbazol-4"'-yloxy]-propan-2-ol

[0025] To 25 ml of isopropanol 3.85 g (13.1 mmoles) of N-[2-(2'-<methoxy>-phenoxy)-ethyl]-benzylamine and 2.4 g
(10.0 mmoles) of 4-(oxiranylmethoxy)-9H-carbazole are added, the reaction mixture is boiled for 5 hours under stirring,
then allowed to cool, and stirred for further 15 hours at room temperature. The crystals are filtered, washed once with
4 ml of isopropanol, twice with 2 ml of diisopropyl ether each time, and dried under a lamp emitting infrared radiation.
[0026] Thus, 4.8 g (96.3%) of the title compound 1-[N-{benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-3-[9"'H-
carbazol-4""-yloxy]-propan-2-ol are obtained in the form of white crystals. M.p.: 94 to 96°C.

Example 3
S-(-)-1-[N-{Benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-3-[9"'H-carbazol-4"'-yloxy]-propan-2-ol

[0027] To 25 ml of isopropanol 3.85 g (13.1 mmoles) of N-[2-(2'-<methoxy>-phenoxy)-ethyl]-benzylamine and 2.4 g
(10.0 mmoles) of S-(+)-4-(oxiranylmethoxy)-9H-carbazole are added, the reaction mixture is boiled for 7 hours under
stirring, and the mixture is evaporated under reduced pressure. On standing, the evaporation residue crystallizes, the
crystal mass is stirred with 12 ml of diethyl ether for half an hour, the crystals are filtered and washed twice using 10
ml of diethyl ether each time. The crude product is recrystallized from 40 ml of diisopropyl ether.

[0028] Thus, 3.52 g (70.6%) of the title compound S-(-)-1-[N-{benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-
3-[9"H-carbazol-4"-yloxy]-propan-2-ol are obtained. M.p.: 102.5 to 103.5°C.

[a]p = -9.6° (20°C, c = 1, acetic acid).

[0]435 nm = -14.5° (20°C, ¢ = 1, acetic acid).

Example 4
R-(+)-1-[N-{Benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-3-[9"'H-carbazol-4""-yloxy]-propan-2-ol

[0029] To 25 ml of isopropanol, 3.85 g (13.1 mmoles) of N-[2-(2'-<methoxy>-phenoxy)-ethyl]-benzylamine and 2.4
g (10.0 mmoles) of R-(-)-4-(oxiranylmethoxy)-9H-carbazole are added, the reaction mixture is boiled for 7 hours under
stirring, and the mixture is evaporated under reduced pressure. The evaporation residue is crystallized from diisopropyl
ether, and the crystals are filtered. The crude product is suspended in 50 ml of diisopropyl ether, the suspension is
heated to boiling, then cooled and filtered.

[0030] Thus, 4.09 g (82.1% of the title compound R-(+)-1-[N-{benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-
3-[9""H-carbazol-4"-yloxy]-propan-2-ol are obtained. M.p.: 103 to 104°C.

[o]p = +8.2° (20°C, ¢ = 1, acetic acid).

[0d435 nm = +12.4° (20°C, ¢ = 1, acetic acid).

Example 5
1-[9'H-carbazol-4'-yloxy]-3-[{2"-(2"'-<methoxy>-phenoxy)-ethyl}-amino]-propan-2-ol

[0031] To 100 ml of ethanol 15.4 g (52.5 mmoles) of N-[2-(2'-<methoxy>-phenoxy)-ethyl]-benzylamine containing 2
molecules of crystal water, prepared as described after Example 10 and 9.6 g (40.0 mmoles) of 4-(oxiranyl)-methoxy)-
9H-carbazole are added, and the suspension is heated to boiling. The solution obtained is boiled for 5 hours under
stirring, then cooled to room temperature, and 10.4 g of wet palladium on carbon catalyst are added. (The catalyst has
a water content of 50.6% by weight, and contains 16.2% by weight of palladium calculated on the dry catalyst). To the
mixture cooled with cold water 40 ml (0.806 moles) of 98% by weight hydrazine hydrate are added, drop by drop, at
15 to 30°C in 15 minutes, and the reaction mixture is stirred at 25°C for 18 hours. Then, the catalyst is filtered off,
washed three times using 100 ml of ethanol each time, and the filtrate is evaporated under reduced pressure. To the
evaporation residue 200 ml of water and 200 ml of 1,2-dichloroethane are added, the mixture is stirred until the evap-
oration residue is dissolved, the phases are separated, and the aqueous phase is still twice extracted using 150 ml of
1,2-dichloroethane each time. The organic phase is dried, then evaporated under reduced pressure. The evaporation
residue is heated to boiling with 40 ml of ethyl acetate, the hot mixture is filtered through a folded paper filter while hot,
and the filtrate is allowed to cool under stirring. After the precipitation of the crystals, the mixture is stirred for a further
hour at 25°C, the crystals are filtered off and washed three times using 10 ml of cold ethyl acetate each time. The
product is dried under a lamp emitting infrared radiation.
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[0032] Thus, 13.05 g (80.0%) of crude product are obtained as white crystals. M.p.: 113 to 116°C. The crude product
is recrystallized from 75 ml of ethyl acetate yielding 12.1 g (74.2%) of the title compound 1-[9'H-carbazol-4'-yloxy]-3-[
{2"-(2"'-<methoxy>-phenoxy)-ethyl}-amino]-propan-2-ol. M.p.: 114 to 116°C.

Example 6
1-[9'H-Carbazol-4'-yloxy]-3-[{2"-(2"'-<methoxy>-phenoxy)-ethyl}-amino]-propan-2-ol

[0033] Into a flask of 100 ml capacity 1.99 g (4 mmoles) of 1-[N-{benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-
3-[9"H-carbazol-4"-yloxy]-propan-2-ol, prepared as described in Example 1 or 3, 40 ml of ethanol, 4 ml of water and
1.0 g of wet palladium on carbon catalyst having a water content of 50.6% by weight and containing 16.2% by weight
of palladium calculated on the dry catalyst are added. To the mixture cooled with cold water, 4 ml (80 mmoles) of 98%
by weight hydrazine hydrate are added, drop by drop, at 5 to 10°C in 10 minutes, and the reaction mixture is stirred
at 25°C for 2 hours. The catalyst is filtered off, washed twice using 20 ml of ethanol each time, and the filtrate is
evaporated under reduced pressure. To the evaporation residue 50 ml of water and 50 ml of 1,2-dichloroethane are
added, the mixture is stirred until dissolution, then the phases are separated, and the aqueous phase is further extracted
twice using 50 ml of 1,2-dichloroethane each time. The organic phase is dried and evaporated under reduced pressure.
The evaporation residue is heated to boiling with 9 ml of ethyl acetate, filtered through a folded paper filter, while hot,
and the filtrate is allowed to cool under stirring. After the precipitation of the crystals, the mixture is stirred at 25°C for
a further hour, the crystals are filtered off, and washed twice using 1 ml of cold ethyl acetate each time. The product
is dried under a lamp emitting infrared radiation.

[0034] Thus, 1.33 g (81.6%) of the title compound 1-[9'H-carbazol-4'-yloxy]-3-[{2"-(2"'-<methoxy>-phenoxy)-ethyl}-
amino]-propan-2-ol are obtained as white crystals. M.p.: 114 to 116°C.

Example 7
1-[9'H-Carbazol-4'-yloxy]-3-[{2"-(2"'-<methoxy>-phenoxy)-ethyl}-amino]-propan-2-ol

[0035] To 60 ml of ethanol, 1.1 g (2.2 mmoles) of 1-[N-{benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-3-[9"'H-
carbazol-4""-yloxy]-propan-2-ol, prepared as described in Example 1 or 3, and 0.5 g of wet palladium on carbon catalyst
having a water content of 50.6% by weight and containing 16.2% by weight of palladium calculated on the dry catalyst
are added. The mixture is vigorously stirred under a hydrogen atmosphere of 5 bar at room temperature. The reduction
is finished in about 3 hours. The catalyst is filtered off, washed twice with ethanol using 20 ml of ethanol each time,
and the filtrate is evaporated under reduced pressure. To the evaporation residue, 5 ml of ethyl acetate are added, the
mixture is stirred at 25°C for 2 hours, the crystals obtained are filtered off, washed twice using 1 ml of cold ethyl acetate
each time. The product is dried under a lamp emitting infrared radiation.

[0036] Thus, 0.69 g (76.6%) of the title compound 1-[9'H-carbazol-4'-yloxy]-3-[{2"-(2"'-<methoxy>-phenoxy)-ethyl}-
amino]-propan-2-ol are obtained as white crystals. M.p.: 114 to 116°C.

Example 8
R-(+)-1-[9'H-Carbazol-4'-yloxy]-3-[{2"-(2"-<methoxy>-phenoxy)-ethyl}-amino]-propan-2-ol

[0037] To 40 ml of ethanol, 1.99 g (4 mmoles) of R-(+)-1-[N-{benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-
3-[9"'H-carbazol-4"-yloxy]-propan-2-ol, prepared as described in Example 4, and 1.0 g of wet palladium on carbon
catalyst having a water content of 50.6% by weight and containing 16.2% by weight of palladium calculated on the dry
catalyst are added. To the mixture 4 ml (80 mmoles) of 98% by weight hydrazine hydrate are added, drop by drop, at
20 to 30°C in 20 minutes, and the reaction mixture is stirred at 25°C for 1.5 hours. The catalyst is filtered off, washed
twice with ethanol using 30 ml of ethanol each time, and the filtrate is evaporated under reduced pressure. To the
evaporation residue, 80 ml of water and 80 ml of 1,2-dichloromethane are added, the mixture is stirred until the evap-
oration residue is dissolved, then the phases are separated, and the aqueous phase is extracted still twice using 80
ml of 1,2-dichloromethane each time. The organic phase is dried, then evaporated under reduced pressure. The evap-
oration residue is heated to boiling with 5 ml of ethyl acetate, the mixture is filtered, while hot, through a folded paper
filter, and the filtrate is allowed to cool under stirring. After the precipitation of the crystals, the mixture is stirred at 25°C
for further 8 hours, the crystals are filtered off, and washed twice using 3 ml of cold ethyl acetate each time. The crude
product is recrystallized from 8 ml of ethyl acetate.

[0038] Thus, 1.16 g (71.2%) of the title compound R-(+)-1-[9'H-carbazol-4'-yloxy]-3-[{2"-(2"'-<methoxy>-phenoxy)-
ethyl}-amino]-propan-2-ol are obtained as white crystals. M.p.: 112 to 113°C.
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[o]p = +17.2° (20°C, c = 1, acetic acid).

Example 9
S-(-)-1-(9'H-Carbazol-4'-yloxy]-3-[{2"-(2"'-<methoxy>-phenoxy)-ethyl}-amino]-propan-2-ol

[0039] To 35 ml of ethanol, 1.74 g (3.5 mmoles) of S-(-)-1-[N-{benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-
3-[9"'H-carbazol-4"-yloxy]-propan-2-ol, prepared as described in Example 3, and 0.9 g of wet palladium on carbon
catalyst having a water content of 50.6% by weight and containing 16.2% by weight of palladium calculated on the dry
catalyst are added. To the mixture 3.5 ml (70 mmoles) of 98% by weight hydrazine hydrate are added, drop by drop,
at 20 to 30°C in 10 minutes, and the reaction mixture is stirred at 25°C for 1.5 hours. The catalyst is filtered off, washed
twice with ethanol using 30 ml of ethanol each time, and the filtrate is evaporated under reduced pressure. To the
evaporation residue, 70 ml of water and 70 ml of 1,2-dichloromethane are added, the mixture is stirred until the evap-
oration residue is dissolved, then the phases are separated, and the aqueous phase is still twice extracted using 70
ml of dichloromethane each time. The organic phase is dried, then evaporated under reduced pressure. The evapo-
ration residue is heated to boiling with 5 ml of ethyl acetate, the mixture is filtered, while hot, through a folded paper
filter, and the filtrate is allowed to cool under stirring. After the precipitation of the crystals, the mixture is stirred at 25°C
for further 2 hours, the crystals are filtered off, and washed twice using 2 ml of cold ethyl acetate each time. The crude
product is recrystallized from 7.5 ml of ethyl acetate.

[0040] Thus, 1.15 g (80.7%) of the title compound S-(-)-1-[9'H-carbazol-4'-yloxy]-3-[{2"-(2"'-<methoxy>-phenoxy)-
ethyl}-aminol-propan-2-ol are obtained as white crystals. M.p.: 110 to 111.5°C.

[o]p = +18.1° (20°C, ¢ = 1, acetic acid).

Example 10
1-[N-{Benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-3-[9"'H-carbazol-4"'-yloxy]-propan-2-ol

[0041] To 2 450 ml of isopropanol 385 g of N-[2-(2'-<methoxy>-phenoxy)-ethyl]-benzylamine dihydrate and 240 g of
4-(oxiranylmethoxy)-9H-carbazole are added, the reaction mixture is boiled under stirring for 6 hours, allowed to cool,
and stirred at room temperature for further 16 hours. The crystalline product is filtered off, washed with 400 ml of
isopropanol, then twice with diisopropyl ether using 200 ml of diisopropyl ether each time, and dried.

[0042] Thus, 469 g (94%) of the title compound 1-[N-{benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-3-[9"'H-car-
bazol-4""-yloxy]-propan-2-ol are obtained as white crystals. M.p.: 94 to 96°C.

Preparation of the starting compound:
Preparation of N-[2-(2'-<methoxy>-phenoxy)-ethyl]-benzylamine of formula V
N-[2-(2'-<methoxy>-phenoxy)-ethyl]-benzylamine dihydrate

[0043] To 131 ml (128.64 g, 1.2 moles) of benzylamine heated to 80°C 69.33 g (0.3 moles) of 1-[2'-(bromo)-ethoxy]-
2-[methoxy]-benzene are added in 25 minutes. The rate of addition is adjusted to maintain the inner temperature of
the reaction mixture at 95 to 105°C. After the addition, the mixture is stirred at an inner temperature of 95 to 100°C for
2 hours, the suspension obtained is cooled in ice-water to 25°C, then poured into 1 000 ml of 10% by weight hydrochloric
acid cooled with ice-water in 5 minutes taking care that 'the inner temperature should not exceed 50°C. The solution
obtained is cooled with ice-water. In 5 to 10 minutes, the hydrochloride of the product precipitates in the form of crystals.
The crystal suspension is stirred at 5 to 10°C for half an hour, filtered, washed with water. The crude hydrochloride is
recrystallized from 400 ml of water, filtered and washed with water.

[0044] Thus, 71.9 g (81.6%) of the hydrochloride of the title compound N-[2-(2'-<methoxy>-phenoxy)-ethyl]-ben-
zylamine dihydrate are obtained. M.p.; 148 to 150°C.

[0045] The hydrochloride is suspended in 300 ml of water, the suspension is heated until the crystals dissolve, and,
to the warm solution, 100 ml of 10% by weight aqueous sodium hydroxide solution are added, drop by drop. The
solution is cooled with ice-water to a temperature of 5 to 10°C, the crystals are filtered, washed with 100 ml of cold
water and dried on the air at room temperature.

[0046] Thus, 43.1 g (48.9%) of the title compound N-[2-(2'-<methoxy>-phenoxy)-ethyl]-benzylamine dihydrate are
obtained. The product contains crystal water (C;5H,gNO,.2H,0). M.p.: 53 to 55°C.
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Example for Comparison No. |

(Reproduction of Example 5 of DE-OS No. 28 15 926)

[0047] A mixture of 60.4 g of 4-(oxiranylmethoxy)-9H-carbazole, 64.8 g of N-[2-(2'-<methoxy>-phenoxy)-ethyl]-ben-
zylamine and 200 ml of ethylene glycol dimethyl ether was boiled for 24 hours. On cooling the mixture, the product did
not precipitate. The mixture was evaporated under reduced pressure, the residual oil could not be crystallized from
ethanol, isopropanol and acetone, wherefore it was transferred to a column filled with silica gel. In the column chro-
matography 1,2-dichloromethane, a mixture containing 9 volumes of 1,2-dichloroethane and 1 volume of ethyl acetate,
a mixture containing 7 volumes of 1,2-dichloroethane and 3 volumes of ethyl acetate, and, at last, ethyl acetate were
used as the solvent. The fractions containing the product were combined and evaporated to yield 75 g (60%) of 1-[N-
{benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-3-[9"'H-carbazol-4""-yloxy]-propan-2-ol <benzyl-carvedilol>. M.p.:
92°C.

Example for Comparison No. Il

[0048] A mixture of 1.92 g (8 mmoles) of 4-(oxiranylmethoxy)-9H-carbazole, 3.08 g (10.5 mmoles) of N-[2-(2'-<meth-
oxy>-phenoxy)--ethyl]-benzylamine and 20 ml of ethyl acetate was boiled. The reaction was followed by means of
HPLC. After 28 hours, the reaction mixture contained merely 3% by weight of 1-[N-{benzyl}-2'-({2"-<methoxy>-phe-
noxy)-ethyl}-amino]-3-[9"'H-carbazol-4"-yloxy]-propan-2-ol [benzyl-carvedilol], practically the whole amount of the
starting 4-(oxiranylmethoxy)-9H-carbazole remained unreacted. The characteristics of HPLC:

Column: LiChrospher 100RP-18 (5 um), A = 254 nm.

Acetonitrile: buffer solution =1 : 1

flow velocity: 0.5 ml/min.

Buffer solution: 7.74 g of ammonium acetate and 10.5 ml of acetic acid in 1 000 ml of aqueous solution.

[0049] Retention times:

N-[2-(2'-<methoxy>-phenoxy)-ethyl]-benzylamine 2.0 min.
4-(oxiranylmethoxy)-9H-carbazole 1-[N-{benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-3-[9"'H- 4.6 min.
carbazol-4""-yloxy]

-propan-2-ol [benzyl-carvedilol] 14.1 min.

Example for Comparison No. I

[0050] The procedure of Example for Comparison No. |l was repeated with the difference that 20 ml of dioxane were
used as the solvent. After 28 hours of reaction, about 50% by weight of the amount of the starting 4-(oxiranylmethoxy)-
9H-carbazole was still present as determined by HPLC.

Claims

1. A process for preparing 1-[9'H-carbazol-4'-yloxy]-3-[{2"-(2"'-<methoxy>-phenoxy)-ethyl}-amino]-propan-2-ol
[carvedilol] of formula
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as well as the optically active R or S enantiomer thereof and mixtures of the enantiomers and acid addition salts

of these compounds by reacting

4-(oxiranylmethoxy)-9H-carbazole of formula

II

or the R or S enantiomer thereof with the secondary amine N-[2-(2'-<methoxy>-phenoxy)-ethyl]-benzylamine

of formula

to yield

1-[N-{benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-3-[9"'H-carbazol-4""-yloxy]-propan-2-ol

carvedilol] of formula

12
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VIII,

characterized in that the reaction of the 4-(oxiranylmethoxy)-9H-carbazole of formula

II

or of the R or S enantiomer thereof with the secondary amine N-[2-(2'-<methoxy>-phenoxy)-ethyl]-benzylamine
of formula V is carried out in a protic organic solvent, and in a manner known per se the thus formed 1-[N-{benzyl}-
2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-3-[9"'H-carbazol-4""-yloxy]-propan-2-ol [benzyl-carvedilol] of formula
VIl is debenzylated by catalytic hydrogenation

and, in a manner known per se, if desired, the 1-[9'H-carbazol-4'-yloxy]-3-[{2"-(2"'-<methoxy>-phenoxy)-ethyl}-
aminol-propan-2-ol thus obtained is reacted with inorganic or organic acids to yield acid addition salts thereof or,
if desired, liberating the free 1-[9'H-carbazol-4'-yloxy]-3-[{2"-(2"'-<methoxy>-phenoxy)-ethyl}-amino]-propan-2-ol
base [carvedilol] of formula | from acid addition salts thereof and, if desired, converting the free 1-[9'H-carbazol-
4'-yloxy]-3-[{2"-(2"'-<methoxy>-phenoxy)-ethyl}-amino]-propan-2-ol base [carvedilol] into other acid addition salts
and/or, if desired, separating the enantiomers.

A process according to claim 1, characterized in that the 1-[N-{benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-ami-

no]-3-[9"H-carbazol-4""-yloxy]-propan-2-ol [benzyl-carvedilol] of formula VIII is not separated from the reaction
mixture in which it was prepared before the debenzylation reaction.
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1.

Verfahren zur Herstellung von 1-[9'H-Carbazol-4'-yloxy]-3-[{2"-(2"'-<methoxy>-phenoxy)-ethyl}-amino]-propan-

2-ol [carvedilol] der Formel

sowie des optisch aktiven R- oder S-Enantiomers desselben und von Mischungen der Enantiomere und S&ure-
additionssalzen dieser Verbindungen durch Umsetzen von

EP 0918 055 B1

4-(Oxiranylmethoxy)-9H-carbazol der Formel

oder des R- oder S-Enantiomers desselben mit dem sekundaren Amin N-[2-(2'-<Methoxy>-phenoxy)-ethyl]-

benzylamin der Formel

N\

J

Y
H

14
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ZU

1-[N-{Benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-3-[9"'H-carbazol-4""-yloxy]-propan-2-ol

carvedilol] der Formel

dadurch gekennzeichnet, daB die Umsetzung des
4-(Oxiranylmethoxy)-9H-carbazoles der Formel

15

~CH,

\
CHy

VIII,

[benzyl-
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b

Iz

oder des R- oder S-Enantiomers desselben mit dem sekundaren Amin N-[2-(2'-<Methoxy>-phenoxy)-ethyl]-
benzylamin der Formel V in einem protischen organischen Lésungsmittel durchgefiihrt wird, und in an sich be-
kannter Weise das so gebildete 1-[N--{Benzyl}-2'-({2"-<methoxy>-phenoxy)-ethyl}-amino]-3-[9"'H-carbazol-4"-
yloxy]-propan-2-ol [benzyl-carvedilol] der Formel VIII durch katalytische Hydrierung debenzyliert wird
und gegebenenfalls in an sich bekannter Weise das so erhaltene 1-[9'H-Carbazol-4'-yloxy]-3-[{2"-(2"'-<methoxy>-
phenoxy)-ethyl}-amino]-propan-2-ol mit anorganischen oder organischen Sauren zu Saureadditionssalzen des-
selben umgesetzt wird oder gegebenenfalls die freie 1-[9'H-Carbazol-4'-yloxy]-3-[{2"-(2"'-<methoxy>-phenoxy)-
ethyl}-amino]-propan-2-olbase [carvedilol] der Formel | aus Sdureadditionssalzen derselben freigesetzt wird und
gegebenenfalls die freie 1-[9'H-Carbazol-4'-yloxy]-3-[{2"-(2"'-<methoxy>-phenoxy)-ethyl}-amino]-propan-2-olba-
se [carvedilol] in andere Saureadditionssalze Uberfiuhrt wird und/oder gegebenenfalls die Enantiomere getrennt
werden.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB das 1-[N-{Benzyl}-2'-({2"-<methoxy>-phenoxy)-
ethyl}-amino]-3-[9""H-carbazol-4"'-yloxy]-propan-2-ol [benzyl-carvedilol] der Formel VIII aus der Reaktionsmi-
schung, in welcher es vor der Debenzylierungsreaktion hergestellt wurde, nicht abgetrennt wird.

Revendications

Procédé pour la préparation du 1-[9'H-carbazol-4'-yloxy]-3-[{2"-{2"'-<méthoxy>-phénoxy)-éthyl}-amino]-propan-
2-ol [carvédilol] de formule :

ainsi que I'énantiomeére R ou S optiquement actif de celui-ci et des mélanges des énantioméres et des sels
d'addition acides de ces composés par la réaction de

16
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4-(oxiranylméthoxy)-9H-carbazole de formule :

ou de I'énantiomére R ou S de celui-ci avec I'amine secondaire N-[2-(2'-<méthoxy>-phénoxy)-éthyl]-benzy-

'/ 'l‘\/\o
| 0

lamine de formule :

pour donner

le 1-[N-{benzyl}-2'-({2"-<méthoxy>-phénoxy)-éthyl}-amino]-3-[9"'H-carbazol-4"'-yloxy]propan-2-ol [benzyl-

carvédilol] de formule :

17
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VIII

caractérisé en ce que la réaction du 4-(oxiranylméthoxy)-9H-carbazole de formule :

Y

Ir—z

II

ou de I'énantiomeére R ou S de celui-ci avec I'amine secondaire N-[2-(2'-<méthoxy>-phénoxy)-éthyl]-benzy-
lamine de formule V est effectuée dans un solvant organique protique, et de maniere connue en soi le 1-[N-{benzyl}-
2'-[{2"-<méthoxy>-phénoxy)-éthyl}-amino]-3-[9"'H-carbazol-4"'-yloxy]propan-2-ol [benzyl-carvédilol] de formule
VIl ainsi formé est débenzylaté par hydrogénation catalytique, et de maniére connue en soi, si souhaité, le 1-[9'H-
carbazol-4'-yloxy]-3-[{2"-(2"'-<méthoxy>-phénoxy)-éthyl}-amino]-propan-2-ol ainsi obtenu est mis en réaction
avec des acides organiques ou inorganiques pour donner des sels d'addition acides de celui-ci ou, si souhaité,
la base libre du 1-[9'H-carbazol-4'-yloxy]-3-[{2"-(2"'-<méthoxy>-phénoxy)-éthyl}-amino]-propan-2-ol [carvédilol] de
formule | est libérée des sels d'addition acides de celui-ci, et, si souhaité, la base libre du 1-[9'H-carbazol-4'-yloxy]-
3-[{2"-(2""-<méthoxy>-phénoxy)-éthyl}-amino]-propan-2-ol [carvédilol] est transformée en d'autres sels d'addition
acides et/ou, si souhaité, les énantioméres sont séparés.

Procédé selon la revendication 1, caractérisé en ce que le 1-[N-{benzyl}-2'-[{2"-<méthoxy>-phénoxy)-éthyl}-ami-

no]-3-[9"'H-carbazol-4"-yloxy]propan-2-ol [benzyl-carvédilol] de formule VIl n'est pas séparé du mélange réac-
tionnel dans lequel il est préparé avant la réaction de débenzylation.
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